Renormalization of the EWCL and its Application to LEP2 by Yan, Qi-Shu
ar
X
iv
:h
ep
-p
h/
05
09
22
7v
1 
 2
2 
Se
p 
20
05
January 30, 2019 7:27 WSPC/INSTRUCTION FILE PK-Yan
International Journal of Modern Physics A
c© World Scientific Publishing Company
Renormalization of the EWCL and its Application to LEP2
Qi-Shu Yan
Theory Group, KEK, Tsukuba, 305-0801, Japan.
TKYNT-05/21
We perform a systematic one-loop renormalization on the electroweak chiral La-
grangian (EWCL) up to O(p4) operators and construct the renormalization group equa-
tions (RGE) for the anomalous couplings. We examine the impact of the triple gauge
coupling (TGC) measurement from LEP2 to the uncertainty of the S − T parameter at
the Λ = 1TeV , and find that the uncertainty in the TGC measurements can shift S(Λ)
at least 3.3σ.
Keywords: renormalization, the electroweak chiral Lagrangian, triple gauge couplings
1. Introduction
Direct precision measurement on the TGC at LEP2 reinforces 1,2,3,4,5,6 our belief
that the standard model is the correct description for the particle physics phe-
nomenology. However, Higgs is still an elusive particle and the electroweak symme-
try breaking mechanism is still a mystery. Therefore, it is reasonable and necessary
to interpret the Z pole data and LEP2 TGC data in a model independent fashion
without a Higgs boson, so as to give some guides to model-building works. Such an
effective description is given as the EWCL 7,8,9, where the Goldstone particles are
parameterized in nonlinear form.
In order to extrapolate electroweak precision data collected at low energy region
µ = mZ up to the ultraviolet cutoff Λ = 1TeV , radiative corrections of the EWCL
must be correctly and efficiently summed over. There are several groups who have
considered the radiative corrections within the EWCL by including anomalous cou-
plings, due to different assumptions and technique uncertainties, those results do
not agree with each other 10,11,12,13,14,15. For example, the β function of anoma-
lous couplings in the unitary gauge with dimensional regularization 13,14 do not
agree with well-known results 8. It seems a puzzle whether the radiative corrections
in the EWCL with dimensionless anomalous couplings is well-defined or not 10.
Therefore our project is to perform such a systematic renormalization for the
EWCL to investigate this puzzle. We use the background field method, a renor-
malizable gauge, path integral, dimensional and heat kernel regularization, MS
renormalization scheme 16, to perform the systematic one-loop expansion to the
EWCL and construct the RGE of those dimensionless anomalous couplings. There
are some preliminary results 17, and now they are almost finished 18.
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We use our RGE method to analyze the electroweak precision data at Z poles
and TGC.
2. The renormalization group equations
We construct the counter terms for all O(p2) and O(p4) operators at one loop level
and succeed in building the RGE. Our power counting rule in loop expansion is
equivalent to the large N and standard mass dimension power counting rules. In
the realistic analysis, we can keep only linear terms of anomalous couplings in the
β function 19. By assuming that ghosts are complex ghosts, we handle the nonher-
mitean ghost term in a simple way. Then, the β functions of two point parameters
are given as:
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Here we have organized these β functions in the order of the contributions from the
constant terms and the quadratic, triple, and quadruple anomalous couplings.
We omitted other β functions here due to the reason that they are not directly
related with S − T fitting.
3. Application to precision data
In order to be as general as possible, we have not imposed the custodial symmetry
in our analysis.
Although D0 collaboration at Tevatron 6 has reported their measurements on
the TGC, errors are much larger than those at LEP2. Therefore we use the data
published by the L3 collaboration and the combined fit results from LEP EW work-
ing group 5 in our analysis.
We have taken δkZ = −.076 ± 0.064 from L3
3, and δkγ = −.027 ± 0.045 and
δg1Z = −0.016± 0.022 from
5 as inputs to determine the anomalous couplings α2,
α3, and α9. These data are extracted from one-parameter TGC fits and the last
two are extracted by imposing the custodial symmetry. Each of data corresponds
to a set of solution for α2 , α3, and α9. In order to combine these data in our
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Fig. 1. S(Λ)−T (Λ) contours at Λ = mZ, 300 GeV, 1 TeV, and 3 TeV, respectively. Solid curves
have incorporated the contributions of the TGC, while the dashed curves haven’t.
analysis, we assume that these data are extracted from independent measurements
(From the theoretical viewpoint, these measurements must be correlated but the
the correlation is energy-dependent).
With the above assumption, we find
α2 =(−0.09± 0.14)
α3 =(−0.03± 0.04)
α9 =(0.12± 0.12)
ρcorr. =

 10 1
−.68 −.32 1

 . (4)
The S(Λ) and T (Λ) are depicted in Fig. 1. The solid curves correspond to the
analysis including the contributions of the TGC, while the dashed curves correspond
to the analysis discarding the contributions of the TGC. The effects of ultraviolet
cutoff are shown by taking three values of ultraviolet cutoff Λ = 300 GeV, 1 TeV,
and 3 TeV, respectively. The S − T contour at µ = mZ is depicted as a reference
contour to compare.
Without including the contribution of the TGC, S(Λ) goes to the negative value
direction with the increase of Λ in agreement with the observation of Ref. 20.
However, when taking into account the contributions of the TGC with the central
value of LEP2 fit in Eq. (4), we observe that the allowed region of S(Λ) and T (Λ)
shifts toward positive S(Λ) and positive T (Λ).
The contour generated by including 1 σ errors of α2−α3−α9 (the largest contour
in Fig. 1 at Λ = 1 TeV) shows that S(Λ) can vary from −0.26 to 0.1. We observe
that the uncertainty in the anomalous TGC can swing the central value of S(Λ) at
least 3.3σ away.
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4. Conclusion
We have performed the one-loop systematic renormalization on the EWCL. Our re-
sults agree with well-known results 8 if anomalous couplings vanish (sign differences
are due to the Euclidean space convention and the definition of covariant differen-
tial operator). Our results show that in the EWCL those dimensionless anomalous
couplings run in a logarithmic way. However, there is still one puzzle left: what’s
the meaning of nonhermitean ghost term? What’s the correct method to treat it?
We have analyzed the uncertainty of S(Λ) caused by the uncertainty of TGC
measurements, which can swing the S(Λ) at least 3.3σ away.
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